abstract PURPOSE Tobacco use is the leading cause of premature death worldwide. One aspect of tobacco control is convincing farmers to stop tobacco production. We assessed the willingness of tobacco farmers in Uganda to stop growing tobacco.
INTRODUCTION
Tobacco is a killer plant and the greatest single current public health threat. The annual global burden of disease reflected in premature death and disability attributable to tobacco use is more than 157 million disability-adjusted life years. 1 These disability-adjusted life years represent approximately 4% of all premature deaths and disability of all diseases combined. 2 Smoking causes more than 7 million deaths annually, of which 90% are the result of direct tobacco use and approximately 10% a result of passive smoking. 2, 3 More than 1.1 billion people smoke worldwide, with 80% of smokers living in low-and middle-income countries where the prevalence of smoking is increasing compared with that of high-income countries. 3 Reducing tobacco use can be based on strategies that diminish demand (ie, consumption) and/or supply (ie, availability). Most efforts at tobacco control concentrate on limiting demand with the primary intent of modifying the mindset and behavior of smokers or potential smokers through such actions as high taxation of tobacco products, bans on cigarette promotions, requirements for warning labels, smokefree public spaces and workplaces, public education, and programs to support quitting. [4] [5] [6] [7] [8] In tobacco control, supply-side measures that are aimed at reducing availability, such as tobacco prohibition, bans on commercial tobacco trade, and replacing the growing of tobacco with other crops (crop diversification or substitution), [9] [10] [11] [12] [13] [14] [15] have received relatively less attention. This is based on the premise that supply-side interventions would be less effective in reducing the consumption of tobacco compared with demand-side interventions. 16 However, a more realistic reason for less enthusiasm with supply side-based interventions is that most, if not all, supply control requires the use of state power to intervene in the tobacco market so as to protect the public health by either using the "carrot" (eg, through the use of subsidies and buyouts) [17] [18] [19] [20] [21] or the "stick" (eg, through legislation and enforcement). [9] [10] [11] [12] [13] 22 Nevertheless some authorities argue that control of the supply side is as important as that of the demand side if we are to sustain or even eliminate the use of tobacco. [23] [24] [25] [26] Efforts to implement comprehensive tobacco control policies culminated in the adoption of the WHO Framework Convention on Tobacco Control (FCTC) in 2003. 7 The FCTC suggested that a critical element of supply control is the provision of technical and financial assistance to ease the transition for tobacco growers to economically viable alternatives. 27 In this work, we attempt to explain the views of tobacco farmers on crop diversification, which means replacing the growing of tobacco with crops that are less or nondetrimental to public health. The understanding of such views is useful in informing policy and practice about measures aimed at replacing the growing of tobacco with other crops. 28 
METHODS
The study was conducted in Kanungu district of southwestern Uganda. Commercial tobacco growing in Uganda began in 1927 and the crop is currently grown in 25 of 112 districts. Approximately 75,000 farmers grow tobacco in Uganda and the crop has a market value of more than $80 million USD in 2013, 29 making tobacco one of Uganda's top 10 revenue sources. There are three commercially grown tobacco types, including flue-cured Virginia, burley (air-cured), and dark fire-cured tobacco. Tobacco is one of the most regulated crops in the country. Areas for production are regulated, as are the inputs to be used or prohibited, leaf buying, and tobacco types. Small-scale farmers who are registered contract with one of the five tobacco companies in Uganda to provide seedlings, inputs, and training for their contracted farmers. Uganda ratified the WHO FCTC in 2007 and passed the tobacco control act in 2015.
30 Kanungu district has a total land area of 1,228 km 2 with a population of 252,144 people, according to the 2014 population census. Agriculture is the mainstay of the district's economy, as is the case for a majority of Ugandan districts. Crops grown in the district include tobacco, coffee, rice, beans, cassava, vegetables, and sweet potatoes. In addition, animals such as cows, goats, chickens, and pigs are reared. Tobacco grown in the district is primarily sold to a few tobacco companies that train and facilitate farmers that grow the crop. Registered small-scale farmers contract with the tobacco companies to buy the leaf, and tobacco companies, in turn, provide seedlings, fertilizers, agricultural loans, and training for their contracted farmers. Most households with large tobacco farms grow other crops, such as coffee, rice, and vanilla, with support provided by the National Agricultural Advisory Services. However, the support to farmers provided by the National Agricultural Advisory Services is irregular, inferior, and meager compared with the support and incentives from the tobacco industry, and as a result little effort is given to growing other crops as they are considered supplementary to tobacco production.
Sampling and Data Collection
Twelve villages were randomly selected from a listing of 508 villages in the district. From each village, 44 households were selected randomly from a list of all registered tobacco farmers. Both steps used computer-generated random numbers. Between April and May 2013, trained research assistants orally interviewed the head of these household. Research was approved by the Makerere University School of Public Health institutional review board. Informed consent was obtained before interviews took place.
Data were collected on sociodemographic characteristics, such as age, sex, total land acreage, land used for growing tobacco and other crops as of last season, income from tobacco, income from other crops, alternative sources of income, number of years growing tobacco, religion, occupation, and level education. Data were also collected on the use of tobacco, beliefs about the health effects of tobacco (on cancer and respiratory and heart disease as well as the effect on pregnancy and effects of passive smoking), and beliefs about the economic benefits of tobacco (whether tobacco was easy to grow, easy to sell, and profitable compared with other crops). Heads of households were also asked whether they were willing to stop growing tobacco and to replace it with other crops.
Analysis
We used bivariable analysis with χ 2 or Fisher's exact test by two-tailed tests to compare proportions. Crude prevalence CONTEXT Key Objective To analyze the factors that influence whether farmers are willing to stop growing tobacco and opt for other crops. Knowledge Generated The factors influencing the willingness to stop growing tobacco were health related as well as economic.
Tobacco farmers who agreed that tobacco is harmful to health (eg, that it causes respiratory disease) were willing to stop growing the crop, whereas tobacco farmers whose annual income from tobacco was more than $300 USD and those who said that tobacco is more profitable compared with other cash crops were not willing to stop growing tobacco. Relevance To increase the willingness of farmers to stop growing tobacco, there is a need to increase the knowledge of farmers regarding the harmful effects of tobacco and to promote alternative crops that are more profitable than tobacco. Furthermore, research is needed on the costs and benefits of tobacco compared with alternative crops.
ratios and the 95% CIs were calculated after bivariable analysis. To identify independent predictors of willingness to stop growing tobacco, we used the log-binomial model with a clustered robust variance. All variables that were significant via bivariable analysis (P , .05) were used in the multivariable analyses. To control for multicollinearity in the data, we constructed a correlation matrix between variables, and for extreme correlations (. 0.55) between two variables, one was dropped from the regression. The variable left in the model was that which was more logically likely to influence the willingness to continue or stop growing tobacco. We calculated adjusted prevalence ratios after multivariable analysis. We used the statistical software package STATA 12 (STATA, College Station, TX; Computing Resource Center, Santa Monica, CA) in the analysis, taking into consideration the cluster effect at the village level.
RESULTS
Of the sample, 53 participants (10.0%) were female and 296 (56.1%) were older than age 40 years. Slightly more than 90% was Christian and 323 respondents (61.2%) had received a primary education. Most heads of household were full-time farmers (445; 84.3%) with no supplementary employment.
Respondents were predominantly small-scale farmers, with approximately one half (51.7%) growing tobacco on less than 1 acre of land. Only 202 farmers (38.3%) grew coffee or rice to supplement their income from tobacco. In addition to crops for sale, almost every family grew crops for consumption (eg, beans, sweet potatoes, and cassava).
Income from tobacco sales, as of the previous season, was meager, with more than 68% earning less than 1,500,000 Uganda shillings (about $440 USD). Overall, 86 participants (16.3%) were consumers of tobacco via smoking cigarettes (n = 62), chewing tobacco (n = 6), 6 or pipe smoking (n = 18). 18 
Willingness to Stop Growing Tobacco
Of the 528 tobacco growers interviewed, 198 (37.5%) answered in the affirmative when asked if they would be willing to grow another cash crop in place of tobacco. Ninety-two respondents (17.4%) mentioned coffee as a replacement for tobacco and 106 (53.5%) cited rice. Three hundred twenty-nine participants (62.3%) said they are not willing to replace tobacco with another cash crop. Reasons offered for this unwillingness were that tobacco is highly profitable (172; 32.6%), the soil cannot sustain any crop other than tobacco (175; 33.1%), and the weather in Kanungu is unpredictable for other crops (22; 4.2%). Drawing from the study population, when asked whether tobacco was easy to grow, sell, and highly profitable compared with other crops, 301 respondents (57%) said it was easy to grow, 348 (65.9%) said it was easy to sell, and 441 (83.5%) said that tobacco was highly profitable.
Determinants of Willingness to Stop Growing Tobacco
Of sociodemographic variables, willingness to stop growing tobacco was more likely if the household has been growing tobacco for less than 5 years, tobacco was grown on less than 1 acre of land, the household was already growing other cash crops in addition to tobacco, and the household received less than $300 USD from tobacco sales and had additional income from crops other than tobacco or other noncrop sources (Table 1) . Age of the head of household, education, religion, occupation, and marital status did not influence the willingness to stop growing tobacco.
Associations between the use of tobacco, health-related effects, and willingness to stop growing tobacco are shown in Table 2 . Willingness to stop growing tobacco was more likely if the respondent said that the use of tobacco is harmful to pregnancy or causes heart disease, respiratory disease, or cancer. Current use of tobacco from smoking cigarettes or a pipe or through chewing did not influence the willingness to stop growing tobacco.
Attitudinal beliefs influencing the willingness to stop growing tobacco are listed in Table 3 . Agreeing that tobacco was easy to grow, sell, or that it was profitable reduced the likelihood of willingness to stop growing the crop. Similarly, agreeing that soils in Kihihi cannot support the growth of other cash crops decreased the likelihood of willingness to stop growing the crop.
Independent Predictors of Willingness to Stop Growing Tobacco
Independent predictors of the willingness to stop growing tobacco (Table 4) were as follows: saying that tobacco use causes respiratory disease and receiving less than $300 USD from tobacco sales in the previous season. Agreeing that tobacco is profitable decreased the likelihood of willingness to stop growing tobacco.
DISCUSSION
The current study has demonstrated that fewer than one in three tobacco farmers are willing to stop growing tobacco and switch to other crops. Reasons for the lack of support for diversification were both economic and health related. The greater the amount of money earned from tobacco, the less the likelihood of diversification. Respondents who reported that tobacco is profitable compared with other crops were not willing to diversify. Knowing that tobacco use is associated negative health consequences, such respiratory diseases, was an independent predictor of the willingness to stop growing of tobacco.
The implications of these findings are several if agricultural diversification is to be used as a successful tool for tobacco control. First, the results imply that measures aimed at increasing the knowledge of farmers regarding the harmful effects of tobacco will increase the likelihood that tobacco farmers will consider diversification. This is important as only one in two of farmers associate tobacco use with Karemani and Nuwaha negative health consequences. Second, because the perceived and/or real financial benefits attributable to tobacco decrease the likelihood that tobacco farmers will diversify, there is a need to promote alternative crops that are more profitable, easier to grow, and easier to sell compared with tobacco. Clearly, getting viable alternative crops to replace tobacco is not straightforward. Additional research is needed on the costs and benefits of tobacco compared with alternative crops to particularly demonstrate that income from crop substitution can exceed that of growing tobacco. 31, 32 Furthermore, because tobacco is regarded as a killer crop as well as a demerit good that harms the consumer through active use and has negative externalities of harming society through passive smoking, direct government intervention is justifiable to tip the financial and economic balance in favor of alternative crops. Such measures may include subsidizing the growth of other crops, 18, 21 price support for other crops, and/or giving cash handouts (buyouts) to tobacco farmers so that they stop growing the crop. 17, 19, 20 Moreover, government intervention may take the form of a guaranteed market for alternative crops and ensuring the provision of seeds, farm equipment, and fertilizers for alternative crops as is currently done for tobacco. 18, 21 The current study is limited mainly as a result of its crosssectional nature. This means that it is difficult to establish cause and effect. For example, price fluctuations of other crops compared with tobacco could lead the respondents to overestimate the economic contribution of tobacco.
Nevertheless, this study provides useful information about the determinants of crop diversification, and the results are similar to those reported in different diverse settings. [14] [15] [16] [17] [18] [19] [20] [28] [29] [30] [31] [32] These data and the implications are therefore deemed generalizable beyond the study settings. 
